ABSTRACT Long-duration Gamma Ray Bursts (GRBs) are linked to the collapse of massive stars and their hosts are exclusively identified as active, star forming galaxies. Four long GRBs observed at high spectral resolution at redshift 1.5 ≤ z ≤ 4 allowed the determination of the elemental abundances for a set of different chemical elements. In this paper, for the first time, by means of detailed chemical evolution models taking into account also dust production, we attempt to constrain the star formation history of the host galaxies of these GRBs from the study of the measured chemical abundances measured in their ISM. We are also able to provide constraints on the age and on the dust content of GRB hosts. Our results support the hypothesis that long duration GRBs occur preferentially in low metallicity, star forming galaxies. We compare the specific star formation rate, namely the star formation rate per unit stellar mass, predicted for the hosts of these GRBs with observational values for GRB hosts distributed across a large redshift range. Our models predict a decrease of the specific star formation rate (SSFR) with redshift, consistent with the observed decrease of the comoving cosmic SFR density between z ∼ 2 and z = 0. On the other hand, observed GRB hosts seems to follow an opposite trend in the SSFR vs redshift plot, with an increase of the SSFR with decreasing redshift. Future SSFR determination in larger samples of GRB hosts will be important to understand whether this trend is real or due to some selection effect. Finally, we compare the SSFR of GRB050730 host with values derived with a sample of Quasar damped Lyman alpha systems. Our results indicate that the abundance pattern and the specific star formation rates of the host galaxies of these GRBs are basically compatible with the ones determined for a sample of Quasar damped Lyman alpha systems, suggesting similar chemical evolution paths.
Gamma-ray bursts (GRBs) are valuable tools to investigate the high-redshift Universe. The extreme luminosities of their afterglows have allowed detailed studies of the physical properties of the interstellar medium (ISM) of their host galaxies. In particular, in a few cases, the determination of their chemical abundance pattern has been possible (Savaglio et al. 2003; Vreeswijk et al. 2004; Prochaska et al. 2004; Penprase et al. 2006 ; Levesque & Kewley 2007; Wiersema et al. 2007; Prochaska et al. 2007a) , as well as the determination of a few quantities related to their host galaxies, such as their dust content, their stellar mass and their star formation rate (Bloom et al. 1998; Le Floc'h et al. 2002; Djorgovski et al. 2003; Christensen et al. 2004; Le Floc'h et al. 2006; Castro Cerón et al. 2006; Savaglio et al. 2008) . Chen et al. (2005) first reported on the chemical abundances for the damped Lyman Alpha system (DLA) associated with the host galaxy of GRB 050730. Their analysis showed this gas was metal poor with a modest depletion level (see also Starling et al. 2005) . These results were subsequently expanded and tabulated by Prochaska et al. (2007a) (hereafter P07, see also D'Elia et al 2007) and we adopt their values adjusted to the solar relative abundances of Grevesse et al. (2007) .
In this paper, for the first time we aim at determining the star formation history of some GRB DLA systems by analysing the chemical abundances measured in their afterglow spectra. For this purpose, we use a detailed chemical evolution model, which allows us to predict the evolution of the abundances of the chemical elements studied in the GRB DLAs of P07. Our aim is to constrain several relevant astrophysical quantities, such as the star formation rates, the dust content and the ages of the host galaxies of these GRBs. Our approach has already turned out to be fruitful to study Quasar DLAs on the basis of their chemical abundance pattern, allowing us to derive crucial information on their nature and on their physical properties (Dessauges-Zavadsky et al. 2004 . The plan of this paper is as follows. In Section 2, we briefly introduce the chemical evolution model. In Section 3, we present our results and in Section 4 we draw some conclusions.
2. the chemical evolution model
The dwarf irregular model
The model used to derive the star formation histories of these GRB DLAs host galaxies is similar to that developed by Bradamante et al. (1998) to study dwarf irregular galaxies. Since some chemical species studied in this paper are refractory (C, O, Si, Mg, Fe, Ni), in the chemical evolution model used here we include also a detailed 1 treatment of dust production and destruction following the work of Calura et al. (2008) (CPM08, see section 2.2). We choose to use the model for dwarf irregular galaxies since several observational investigations provided strong evidence that most of the GRBs originate in gas rich, star-forming sub-luminous (L < L * ) galaxies with relatively low metallicities (Z < Z ⊙ ) (Bloom et al. 1998; Fruchter et al. 1999; Prochaska et al. 2004; Vreeswijk et al. 2004) . The dwarf galaxy is assumed to form by means of a continuous infall of pristine gas until a mass M tot is accumulated. The evolution of dwarf irregular galaxies is characterized by a continuous star formation history. The star formation rate ψ(t) is directly proportional the gas fraction G(t) at the time t, according to the Schmidt law (Schmidt 1959) ψ(t) = νG(t).
(1) where ν is the efficiency of star formation. We take into account the energy feedback from both Type Ia and Type II supernovae (SNe). They are responsible for the onset of a galactic wind, when the thermal energy of the ISM exceeds its binding energy, which is related to the presence of a dark matter halo in which the galaxy is embedded (for more details, see Bradamante et al. 1998 , Lanfranchi & Matteucci 2003 . The thermal energy of the gas is controlled mainly by the thermalization efficiencies of the supernovae explosions (η SN II for SNe II and η SN Ia for SNeIa) and stellar winds (η SW ), which control the fraction of the energy restored to the ISM which is converted to thermal energy of the gas (see Bradamante et al. 1998) . The binding energy of the gas, on the other hand, is strongly influenced by assumptions concerning the presence and distribution of dark matter (Matteucci 1992) . A diffuse (R e /R d =0.1, where R e is the effective radius of the galaxy and R d is the radius of the dark matter core) but relatively massive (M dark /M Lum = 10) dark halo has been assumed for each galaxy. The time at which the wind develops depends on the assumed star formation efficiency. In general, the higher the SF efficiency, the earlier the wind develops. No instantaneous recycling approximation is adopted, i.e. the stellar lifetimes are properly taken into account. This allows us to compute in detail the contributions by low mass stars, Type Ia, Type II SNe to the chemical enrichment of the ISM. The main physical quantities related to these processes are the stellar yields, representing the fractions of processed matter restored by the stars into the ISM. The stellar yields used in this work are from for low and intermediate mass stars (LIMS), from Woosley & Weaver (1995) for massive stars and from Iwamoto et al. (1999) for Type Ia SNe. We assume a Salpeter initial mass function (IMF). With such an IMF, it is possible to reproduce the chemical abundances and the observational features of dwarf irregulars and to account for the local metal budget ). We assume a cosmological model characterized by Ω m = 0.3, Ω Λ = 0.7 and a Hubble constant H 0 = 70kms −1 M pc −1 .
N nucleosynthesis: indications from QSO DLAs
Although N nucleosynthesis is still a matter of debate, most of N production arise from low and intermediate mass stars since massive stars produce only a small fraction of it (e.g. Chiappini, Matteucci & Ballero 2005) . In particular, in the solar neighborhood the typical timescale for N enrichment should be 0.25-0.30 Gyr. However, the N produced in massive stars is important for understanding N abundances at very low metallicities. In principle, N produced in massive stars should be secondary, namely produced by means of the CNO cycle starting from the C and O abundances originally present in the star. In the last years Meynet & Maeder (2000 and more recently Chiappini et al (2006) have shown that very metal poor stars can be fast rotators and that rotation can produce primary N, namely N originating from the C and O produced by the star, not those originally present in the star at birth. In this case, a high N abundance is expected at very low metallicities. It is not clear whether this high production of primary N in massive stars continue at intermediate metallicities. In our case we adopt the standard prescriptions for secondary N in massive stars and secondary plus primary N in low and intermediate mass stars.
In Fig. 1 , we show the predicted evolution of log(N/O) vs time (upper panel) and vs metallicity (lower panel) assuming various star formation efficiencies. The models are computed with the nucleosynthesis prescriptions used here (thick lines) and assuming primary N in massive stars (thin lines), following Matteucci (1986) . The predictions are compared with the observed N/O values measured in high redshift QSO DLAs by various authors (Pettini et al. 2008 and references therein). The prescriptions adopted here are in good agreement with the most recent data published by Pettini et al. (2008) for DLAs , whose metallicities are not as low as metal poor halo stars where a high N abundance seems to be found (Spite et al. 2005) . The assumption of primary N in massive stars predicts high N/O values at low metallicity, i.e. immediately after the beginning of star formation. However, as can be seen from Fig. 1 , the highest N/O values in DLAs can be explained also without assuming primary N production in massive stars, but by assuming a low star formation efficiency. Without primary N production in massive stars, the value log(N/O)=-2.6, corresponding to the lowest value observed in DLAs, is reached by our models after 0.05 Gyr with ν = 0.01 Gyr −1 and after 0.1 Gyr with ν = 1 Gyr −1 . Finally, it is worth stressing that, as remarked also by Chiappini et al. (2003) , the stellar yields of do not include the third dredge-up and hot-bottom burning, thus their N yields for intermediate mass stars should be regarded as lower limits.
Dust production and destruction
The model for dust evolution used in this paper adopts the same prescriptions as CPM08. For a detailed description of the dust evolution model, we address the reader to that paper. Here, we briefly summarize our assumptions. (Sugerman et al. 2006) , which provided an upper limit of δ II i ≤ 0.12. The value assumed here is also supported by theoretical studies of the local dust cycle (Edmunds 2001) . Our assumption is compatible with values provided by other theoretical and observational studies (see Morgan & Edmunds 2003) . However, other studies suggest that the dust condensation efficiencies of SNe may be even lower, with values ranging from ∼ 2 × 10 −4 to 0.15 (Zhukovska et al. 2008) . CPM08 showed that the dust depletion pattern is strongly dependent on the star formation history. The depletion pattern observed in galaxies of different morphological types provides us with the most complete set of dust depletion data for a range of different star formation histories. The refractory elements involved in this study are C and O which in the local ISM show mild depletion levels, and Mg, Si, Ni, and Fe, which locally show higher depletion levels (Savage & Sembach 1996) . A debate is currently open on the nature of S and on whether it may be incorporated into dust grains or not. Observational studies of the depletion patterns of the cold ISM of the Milky Way report for S depletion values between 0 and -0.2 dex (Welty et al. 1999a ). More recent data, based on observational determinations of the gas-phase abundances of some chemical elements in the Local Interstellar Cloud, support a considerable depletion for S of -0.3 dex (Kimura et al. 2003) . However, these high depletion values have been derived by assuming as cosmic S abundance the solar value observed by Grevesse & Sauval (1998) 6 Hydrogen Atoms, which implies a S dust fraction in the Local Interstellar Cloud lower than 0.4, i.e. a logarithmic depletion higher than -0.2 dex. However, other indirect arguments indicate that S may have a refractory nature. Detailed models of dark insterstellar clouds chemistry suggest that sulphur must be depleted by two to three orders of magnitude in dark regions (Ruffle et al. 1999; Scappini et al. 2003) . A recent investigation of dust and element abundances in planetary nebulae has shown that in these systems, depletion is likely to be severe for various species, including S (Phillips 2007) . In cometary dust particles, S is present in iron sulphide (FeS) grains (Lodders 2003) . A broad feature ascribed to FeS emission has been recently seen in the infrared spectra of young stellar objects (Keller et al. 2002) . Furthermore, an indirect evidence of the fact that S may suffer depletion comes from the fact that its condensation temperature is considerably higher than the ones of C and O, which are known to be depleted in the gas phase (see Welty et al. 1999) . From a photospheric abundance study of a RV Tauri star in the Large Magellanic Cloud, Reyniers & Van Winckel (2007) showed how the element abundance anti-correlates with the condensation temperature, possibly implying a correlation between the depletion and the condensation temperature. In the light of these facts, in our study we consider two different scenarios for dust grain composition. In the "expected dust" scenario, we assume that the only elements going into dust grains are Ni and Fe. The reason of the name chosen for this scenario lies in the fact that mainly indirect evidences indicate that S could be a refractory element. We consider also an "alternative dust" scenario, where also S is refractory. Dust grains can be destroyed by the propagation of supernova shock waves in the warm/ionised interstellar medium (McKee 1989; Jones et al. 1994 ). If G dust,i is the fraction of the element i locked into dust and G is the gas fraction, the destruction rate is calculated as G dust,i /τ destr , where τ destr is the dust destruction timescale, calculated as: (McKee 1989; Dwek 1998) . M SN R = 1300M ⊙ is the mass of the interstellar gas swept up by the SN remnant (McKee 1989; Dwek et al. 2007 ). R SN is the total SNe rate, i.e. the sum of the rates of Type Ia and Type II SNe. Unless otherwise specified, we assume that no dust accretion is taking place in the GRB host galaxies. This phenomenon occurs in H 2 -rich molecular clouds (Dwek 1998; Calura et al. 2008 ). Our choice is motivated by the fact that very little molecular H is observed in local dwarfs, with molecular-to-atomic gas fractions of ∼ 10% or lower (Lisenfeld & Ferrara 1998; Clayton et al. 1996 ). Our assumption is further supported by the fact that a very little amount of H 2 observed in the spectra of GRB afterglows (Vreeswijk et al. 2004; Fynbo et al. 2006; Tumlinson et al. 2007; Whalen et al. 2008 ). This might indicate that in the presence of intense SF, molecular clouds could rapidly dissolve, likely allowing very little dust accretion to occur. We will test the reliability of this assumption while discussing our results.
results
In this section, we attempt to constrain the star formation histories for the set of 4 GRB host galaxies. The abundance ratios measured by P07 for the 4 GRB hosts are presented in Table 1 , as well as the predicted abundances computed by means of the best model, when possible. We address the reader to the paper by Prochaska et al. (2007a) for further details on the GRB observations and on the techniques used to derive the ISM abundances of the GRB host galaxies.
Abundance ratios as a diagnostic to infer the star formation history
In chemical evolution models, the abundance ratios between two elements formed on different timescales can be used as "cosmic clocks" and provide us with information on the roles of LIMS and SNe in the enrichment process . In particular, the study of abundance ratios such as [α/Fe] and [N/α] 1 is quite useful, since the α-elements (O, S, Mg) are produced on short timescales by Type II SNe, whereas the Fe-peak elements and nitrogen are produced on long timescales by Type Ia SNe and low and intermediate-mass stars, respectively. ; Dessauges-Zavadsky et al. (2004 have shown that the simultaneous study of the abundance ratios between different elements as functions of a Abundance ratios used in this work as measured in four GRB host galaxies and as predicted by means of our best models. All the abundances are normalized to the solar values, from Grevesse et al. (2007) .
metallicity tracer (such as [S/H] or [Fe/H] ) can be used to constrain the nature and the star formation history of a given system, whereas the study of the abundance ratios versus redshift can be used to derive constraints on the age of the system. In these 4 GRB DLAs, P07 have determined the abundance ratios for various elements, with typical errors of ∼0.1 dex. For several other elements, only upper or lower limits were derived for the abundance ratios (see Tab. 1). We use the complete set of elements studied by P07 in order to constrain the SF history of the host galaxies of these 4 GRBs. In the following, we will present the results of our analysis, case by case.
GRB 050730
In this Section, our aim is to constrain the main parameter of the star formation history of the host galaxy of GRB 050730, i.e. its star formation efficiency ν. We need to find the model which reproduces at best the observed abundance ratios. In this study, the only parameter allowed to vary is the star formation efficiency. Its value is set by requiring that, with the adopted SF efficiency, the observed abundance ratios are reproduced. We assume various values for the star formation efficiency ν, spanning from ν min = 0.005Gyr − 1 to ν max = 0.1Gyr − 1. In figure 2 , we show the predicted evolution of various abundance ratios vs metallicity, traced either by [S/H] or by [Fe/H], calculated for a few models assuming different SF efficiency values and compared with the observed abundance ratios. Any model with a star formation efficiency ν ≤ 0.005Gyr −1 is rejected, since they match the abundances of the non-refractory element N at ages larger than 1.53 Gyr, which is the age of the Universe corresponding to the redshift of the GRB z GRB = 3.96. In Fig. 2 , the thin lines represent the predictions computed with the "expected dust" scenario, i.e. where S is undepleted whereas the thick lines are the predictions within the "alternative dust" scenario, where S is depleted. Some of the shown observational abundance ratios are lower limits ([C/Fe, O/Fe] From the present study, we conclude that, within the "expected dust" scenario, i.e. neglecting any S depletion, the best model is the one with ν = 0.01 Gyr −1 , with the small discrepancy between our predictions and the models possibly due to the fact that we are underestimating [N/H] since we assume no N production in massive stars. Within the "alternative dust" scenario, the best model is the one with ν = 0.02 Gyr −1 . Any model with SF efficiency ν = 0.03 Gyr −1 or higher leads us to underestimate the [N/S] value by ∼ 0.2 dex. This can maybe reconciled by assuming primary N production in massive stars and more accurate yields for low and intermediate mass stars, including also the third dredge up. However, since a further investigation of the N is beyond the aim of the present paper, we think it is reasonable to reject any model underestimating [N/S] by more than 0.2 dex , corresponding to the total error bar of the measured abundances considered here. Our conclusion is that, within the "expected dust scenario", the best model is the one with with ν = 0.01 Gyr −1 , whereas within the 'alternative dust" scenario, the best model is the one with ν = 0.02. Once we have constrained the SF efficiency of the GRB 050730 host galaxy, by studying its abundance ratios vs redshift we can derive constraints on its age. In the following, we will use the two best models of the "expected dust scenario" and "alternative dust scenario" to derive a value for the age of the host galaxy of the GRB. In Fig. 3 , we show the predicted redshift evolution of various abundance ratios, compared with the abundance ratios observed for GRB 050730. We show the predictions computed by means of the best model of the "expected dust " scenario by assuming three different values for the redshift of formation z f , defined as the redshift at which the star formation turns on in the GRB host galaxy. The GRB host abundances are best reproduced by assuming z f = 6. The difference between z f and the redshift of the GRB host galaxy z GRB provides an estimate of the age of the system. The best model of the "expected dust" scenario points towards an age of ∼ 0.6 Gyr. With the best model of the "alternative dust" scenario, a nearly identical value for the age of the GRB host can be derived. At this age, the predicted specific star formation rate is 4.7 Gyr − 1, both for the best model of the "expected dust" and "alternative dust" scenario. We have also a chance to test whether our assumption for dust evolution are appropriate, in particular the hypothesis of having neglected dust accretion. At the age of 0.6 Gyr, with the best model of the "expected dust" picture we predict a dust-to-gas ratio D = 1.2 × 10 −6 , which is in very good agreement with the observational upper limit 2 of Prochaska et al. (2007b) of 8 × 10 −6 . The predicted dust-to-metals ratio is D Z = 0.03, again in agreement with the upper limit of 0.12 derived observationally by Prochaska et al. (2007b) . Very similar values may be obtained by means of the best model of the "alternative dust" scenario. We conclude that the abundances of this system are not strongly influenced by dust depletion. Our assumptions concerning the treatment of dust evolution, in particular having neglected dust accretion in molecular clouds, seems appropriate for the study of this GRB host.
GRB 050820
In fig. 4 , we show various observed interstellar abundance ratios vs metallicity for the host galaxy of GRB 050820. The observed abundance ratios are compared with predictions computed by means of three chemical evolution models with SF efficiencies ν = 0.1 Gyr −1 , ν = 1 Gyr −1 and ν = 10 Gyr −1 . In this case, we see how, with a model assuming only dust destruction and no dust accretion, the observed abundance ratios do not allow us to determine which model is the most accurate in reproducing the data. The predictions for the model with ν = 0.1 Gyr , a value generally used to describe elliptical galaxies (Calura, Matteucci & Vladilo 2003) . The same conclusion is valid taking into account S depletion (thick lines in Fig. 4 ). This GRB DLA presents peculiar abundance ratios, such as a high value for [Zn/Fe] which, at such a [Fe/H], in general is interpreted as the signature of dust depletion (see e.g. Vladilo 2004 ). To investigate the possibility that dust depletion may play a non negligible role in the ISM of the GRB 050820 host, we consider a chemical evolution model which takes into account dust accretion. To model dust accretion, the prescriptions are the same as described in CPM08. The dust accretion rate is G dust,i /τ accr , where τ accr is the dust accretion timescale
where
For the timescale τ 0,i , typical values span from ∼ 5 × 10 7 yr, of the order of the lifetime of a typical molecular cloud, up to ∼ 2 × 10 8 yr (Dwek 1998) . In this paper, we assume that the timescale τ 0,i is constant for all elements, with a value of 5 × 10 7 yr (CPM08, Inoue 2003). In Fig. 5 , we show our results for the predicted abundance ratios of the three models with ν = 0.1 Gyr −1 , ν = 1 Gyr −1 , and ν = 10 Gyr −1 taking into account also dust accretion. By including accretion, a larger number of abundance ratios is now reproduced by the model with ν = 0.1, computed assuming no S depletion (thin lines in Fig. 5 et al. 2002, D07) . In this paper, to limit the parameter space, we have assumed that all the chemical elements are incorporated into dust grains in the same proportions. A detailed modeling of differential depletion is beyond the aims of the present work. Future investigation on this topic, also in connection to dust depletion in DLAs, is required to shed light on the chemical species interested by differential depletion. From Fig. 5 , we see that, in presence of dust accretion, the predicted abundance ratios between a non-refractory element and a refractory one, such as [Zn/Fe] , are the highest for the model with the lowest SF efficiency. This counterintuitive result is due to the fact that, given the low con-densation efficiencies assumed here, with high star formation efficiencies (ν ≥ 1 Gyr −1 ), dust grains hardly survive in the ISM even if accretion is present. This result is due to the fact that a high star formation efficiency implies a high dust destruction rate, which the process of accretion is not able to compensate. This is consistent with the results of CPM08, who found that dust destruction by SNe is more efficient than dust production. However, CPM08 assumed the same dust condensation efficiencies as Dwek (1998) , considerably higher than the ones used in the present paper (e.g., for Si and Fe, CPM08 assumed δ Si,F e = 0.8). In this case, also a galaxy with a SF efficiency of ∼ 10 Gyr −1 , such as an elliptical galaxy of luminous mass 10 11 M ⊙ , can present a very high dust fraction, up to 0.9-1, in the period when star formation is active. It is also interesting to note that, in the "alternative dust" scenario, including S depletion and accretion, no model provides a satisfactory fit to the observed data. Regarding GRB 050820, we conclude that the model with SF efficiency ν = 0.1 Gyr −1 , "expected dust" composition and dust accretion is the best in reproducing the observed abundance ratios vs metallicity. We now use this model to infer the age of the GRB 050820 host galaxy. In Fig. 6 , we show various abundance ratios vs redshift as measured by P07 for GRB 050820, compared to our predictions computed by means of the best model and assuming three different redshifts of formation: z f = 4, z f = 6, and z f = 10. It is clear that the majority of the abundance ratios, i.e. all the abundance ratios except [N/S], [Si/Fe], [Mg/Fe] and [Ni/Fe], all underestimated for the reasons described above, may be reproduced by assuming z f ≥ 6. In this way, we are able to derive a lower limit of 1.5 Gyr for the age of the host galaxy of GRB 050820. This allows us to derive an upper limit of 2.5 Gyr −1 for the SSFR. Now, we investigate whether our assumptions concerning dust provide a realistic description of the dust content of this GRB DLA. For the GRB 050820 DLA, Prochaska et al. (2007b) measure a dust-to-gas ratio 0.0008. Our results imply that, at the ages larger or equal to 1.5 Gyr, the predicted dust-to-gas ratio for the best model is ≥ 0.00057, in very good agreement with the observed value. The predicted dust-to-metals ratio is 0.73. By assuming for the observed metallicity [Z/H]=[S/H]=-0.67 ±0.1 and by neglecting te uncertainty in the observed dust-to-gas, the measured dust-to-metals ratio is between 0.23 and 0.36. Given the uncertainties of the parameters involved in our computation, in particular the dust condensation efficiencies and the accretion timescale, which may even be larger by a factor of 2 than the value we have adopted, i.e. τ 0 = 0.05 Gyr, we think our models provides a reasonable description of the dust properties of GRB 050820.
GRB 051111
Of the elements studied in this paper, for GRB 051111, only 4 measured abundance ratios are available (see Tab. 1). However, of these 4, 3 are lower limits and only one is a real measure. In fig. 7 , we show the observed interstellar abundance ratios vs metallicity for the host galaxy of GRB 051111, compared with predictions computed by means of three chemical evolution models with SF efficiencies ν = 0.1 Gyr −1 , ν = 1 Gyr −1 and ν = 10 Gyr −1 .
The predictions are shown both taking into account dust accretion (thick lines) and not (thin lines). The poor number of abundance ratios measured for this GRB DLA does not allow us to constrain its star formation history. However, the very large [Zn/Fe] is indicative of strong dust depletion. Unfortunately, no measures are available for the dust-to-gas and dust-to-metals ratios, hence it is not possible to assess accurately the amount of dust depletion characterizing this system.
GRB 060418
Also For GRB 060418, only 4 measured abundance ratios are available to be compared with our predictions. In fig. 8 , we show the observed interstellar abundance ratios vs metallicity for the host galaxy of GRB 060418, compared with predictions computed by means of three chemical evolution models with SF efficiencies ν = 0.1 Gyr −1 , ν = 1 Gyr −1 and ν = 10 Gyr −1 , taking into account dust accretion (thick lines) and not (thin lines). In this case, we have two real measures and two lower limits. Also this system presents a supersolar [Zn/Fe] ratio, which is likely indicating the presence of dust depletion. The two actual measures allow us to derive some constraints on the star formation history and on the age of the host galaxy of GRB 060418. From Fig. 8 , we see that the model which best reproduces the observed abundance ratios is the one characterized by ν = 0.1 Gyr −1 and including dust accretion. With this model, it is possible to reproduce two measured abundance ratios, the lower limit for [Mg/Fe] is compatible with our predictions, whereas the [Si/Fe] is not, probably owing to the effects of differential depletion, as explained above. We use this model to derive a value for the age and for the SSFR of the host galaxy of this GRB. In Fig. 9 , we show the measured abundance ratios vs redshift, compared to our predictions computed with the best model, assuming three different values for the redshift of formation z f : z f = 1.6, z f = 1.8 and z f = 2.. The observed abundance ratios are reproduced by assuming z f = 1.8. The redshift of the GRB is z GRB =1.5, which, with the cosmology adopted in this paper, implies an age of 0.63 Gyr and a SSFR of 2.8 Gyr −1 . At this age, we predict a dust-to-gas ratio of 0.0005 and a dust-to-metals ratio of 0.71. Unfortunately, no observational value for the dust-to-gas ratio is available for this system. A summary of the predicted physical properties of the GRB host galaxies studied in this paper is presented in Tab. 2.
3.6. Specific star formation rates and implications for cosmic chemical evolution studies
The specific star formation rate (SSFR) is defined as the ratio between the SFR and the stellar mass. Its determination does not require any a-priori assumption on unknown quantities involved in our study, such as the mass or the physical dimension of the system, which on the other hand have to be assumed in order to provide an estimate of the SFR or the SFR surface density. The SSFR provides an indication of the intensity of the star formation of the host galaxy, whereas the inverse of the SSFR represents the star formation timescale, hence a high value for the SSFR is associated to a young galaxy (Castro Cerón et al. 2006) . It is interesting to compare the SSFR values predicted by means of our models with the SSFR observed for a set of GRB host galaxies at redshifts 0 < z < 2.7 by Castro Cerón et al. (2008) . Castro Cerón et al. (2008) used the Spitzer images of 30 GRB hosts and estimated their stellar masses and their unobscured star formation rates by means of their K-band fluxes and rest-frame UV spectra, respectively. By means of these data, it has been possible to determine the SSFRs for the host galaxies of their sample. In the left panel of Fig. 10 , we show the SSFR as a function of the stellar mass for two models with SF efficiency ν = 0.01 Gyr −1 (solid lines) and ν = 0.1 Gyr −1 (dashed lines). These models have turned out to be the best in describing the chemical abundance patterns of the GRB DLAs studied in this paper. The models shown in Fig. 10 assume various values for the mass normalization M tot : M tot = 10 9 M ⊙ (thin lines) and M tot = 10 11 M ⊙ (thick lines). This stellar mass range brackets the values observed in the bulk of the data by Castro Cerón et al. (2008) . The models are compared to the data by Castro Cerón et al. (2008) . Until the onset of the galactic wind, each pair of models with the same SF efficiency plotted in Fig. 10 is characterized by the same chemical evolution and by the same abundance ratios. This is due to the fact that in chemical evolution models, to a first approximation, the abundance ratios do not depend on the total mass of the system, which plays a key role only in the presence of outflows. The predictions shown in Fig. 10 have been computed until the present time, corresponding to ∼ 13.5 Gyr for the cosmology adopted in the present paper. This is done to be consistent with the fact that the redshift range spanned by the data by Castro Cerón et al. (2008) is large, encompassing ∼ 82% of the cosmic time. Several observational values plotted in Fig. 10 represent upper limits for the stellar mass and lower limits for the SSFR. In fact, Castro Cerón et al. (2008) showed that dust extinction must be present in at least 25% of the GRB hosts, causing the SFR determinations derived from UV/optical observations to be regarded as lower limits. The SSFR values by Castro Cerón et al. (2008) should be regarded as lower limits to the actual values also owing to a "dilution" effect present in mid-infrared photometry studies. This effect is related to the fact that some hosts of the sample are not spatially resolved, hence, the SSFRs are computed by dividing the UV SFRs by the total stellar masses, instead of dividing the SFRs by the stellar masses of the star forming regions, which are likely to encompass a small part of the host galaxy. For these reasons, if the corrections for dust extinction and dilution were performed and if the stellar masses were determined with higher precision, at least half of the data of Castro Cerón et al. (2008) should move towards our predictions. In Fig. 10 , right panel, we show the redshift evolution of the SSFR for our models, and for the GRB host galaxies as observed by Castro Cerón et al. (2008) . In this case, in all our models, we have assumed that star formation begins at the same redshift z = 5. Some of the predictions for the various models coincide across a large redshift interval. This is due to the fact that the SSFR is not dependent on the SF efficiency ν since, to a first approximation, both the SFR and the stellar mass are proportional to the SF efficiency ν. In some cases, the predictions diverge owing to the onset of a galactic wind. This event concerns the models with the lowest mass normalizations, represented by the two thin lines in the right panel of Fig. 10 , characterized by the shallowest gravitational potentials. As soon as the galactic wind develops, a considerable amount of gas becomes unavailable for star formation. The time the wind develops depends on the mass of the system and on the star formation efficiency ν. In general, the higher is the adopted ν and the lower is the total mass, the earlier the wind develops. For this reason, after the onset of the wind, the SSFR does depend on the adopted star formation efficiency ν. According to our predictions, the SSFRs decrease with decreasing redshift. Our result in not surprising, since any galactic evolution model predicts an increase of the stellar mass and a decrease of the SFR with decreasing redshift. This is in agreement also with the observed cosmological evolution of the SFR, in particular with the observed decline of the cosmic star formation history with redshift at z < 2 (Hopkins& Beacom 2006), likely due to progressive gas consumption in late-type spiral discs . Furthermore, Papovich et al. (2006) showed that the integrated specific SFR, defined as the ratio between the comoving SFR density and the comoving stellar mass density, is a decreasing function of reshift. These results are apparently in contrast with the observed redshift evolution of the SSFR in GRB host galaxies. In fact, the data by Castro Cerón et al. (2008) suggest an increase of the SSFRs with decreasing redshift (see the solid straight line plotted in 10), at variance with any results concerning the redshift evolution of star forming galaxies at redshifts 0 ≤ z ≤ 3. As stated also by Castro Cerón et al. (2008) , the GRB host galaxies with the most vigorous star formation are likely to be heavily dust obscured, preventing the localization of their afterglows. This is one possible reason why, in the right panel of Fig. 10 , no objects lay in the right upper corner of the plot. In the future, it will be important to extend the samples of GRB hosts with known star formation and stellar mass measures, in order to understand the reason for this apparent discrepancy and understand whether this trend is peculiar to GRB hosts or due to some selection effect. Surveys are ongoing to comprise GRB host galaxy samples based on localizations using the X-ray afterglow which is less susceptible to dust (Fynbo et al. 2007 ).
A Comparison with SSFRs of Quasar DLAs
In this section, we compare the SSFR of our models for GRB hosts with the values determined by means of the chemical evolution models for QSO DLAs presented by Dessauges-Zavadsky et al. (2007) . We focus on the set of dwarf irregular galaxy models characterized by a continuous star formation history, which best reproduce the abundances of the set of DLAs studied by Dessauges-Zavadsky et al. (2007) . By means of these models, the SSFRs are calculated at the time corresponding to the age predicted for the DLAs. In this way, for the 5 DLAs towards QSOs Q B0841+129, PKS 1157+014, Q B1210+175, Q B2230+02, Q B2348-1444, we find SSFR between 0.24 Gyr −1 and 7 Gyr −1 . In Table  3 , we show the SSFR values computed for the 5 DLAs of Dessauges-Zavadsky et al. (2007) , compared to the values obtained for the hosts of GRB 050730. The SSFR computed for the DLAs studied by Dessauges-Zavadsky et al. (2007) are in substantial agreement with independent estimates for a larger sample of DLAs analysed by Henry & Prochaska (2007) . Although the technique used by Dessauges-Zavadsky et al. (2007) to correct the observations for dust depletion is different than the ones used here, it is interesting to note that the SF efficiencies of the models used to describe the abundances of QSO DLAs range from 0.05Gyr −1 to 0.1Gyr −1 (see Table 7 of Dessauges-Zavadsky et al. 2007), i.e. basically similar to the values used here. A quantitative analysis of the differences in the dust depletion corrections computed here and the ones used by Dessauges-Zavadsky et al. (2007) is beyond the scope of the present paper, but it is certainly an interesting subject for future studies.
It is may be interesting to compare the SSFR values for the QSO DLAs of D07 with the values found in this paper for GRB DLAs. The abundances of the DLAs studied by D07 required various depletion corrections. To correct for dust depletions, D07 used the technique described by Vladilo (2004) . The implied depletion corrections (considering the [Fe/H] abundance) were 0.14 dex for QB0841+129 at z=2.375, 0.28 dex for PKS1157+014, 0.14 dex for QB1210+175, 0.33 dex for QB2230+02 and 0.12 dex for QB2348-1444. The approach to deal with dust depletion used here is different than the one by D07. However, the two approaches are consistent, since both predict high [Zn/Fe] ratios for extremely dusty systems, and solar or nearly solar [Zn/Fe] for dust-free systems. Moreover, possible depletion effects involving S do not influence our results (see Sect. 3.2). It is probably wise and cautious to compare the SSFRs obtained for the three most dust poor DLAs of D07, with the star formation history derived here for GRB 050730, for which both the observations and our predictions indicate a very low dust content. To perform the comparison, we choose the SSFRs derived for QB0841+129 at z=2.375, QB1210+175 and QB2348-1444. The values found for these 3 QSO DLAs of Dessauges-Zavadsky et al. (2007) are plotted in Fig. 11 . As can be seen from Fig. 11 , the SSFR of these 3 QSO DLAs are higher than the SSFRs of the best models of the "expected dust" scenario (within the "alternative dust" scenario, a very similar curve is obtained). The majority of QSO-DLA sightlines do not penetrate highly SF galaxies, being the most metal rich, most vigorously star-forming systems very rare in QSO DLA samples, possibly owing to dust obscuration of the background quasars (Hopkins & Beacom 2006; Vladilo et al. 2008 ). Current expectation is that QSODLAs, which are drawn according to HI cross-section, most frequently correspond to sub-L * galaxies, as evidenced by their significantly sub-solar metallicities (e.g. Fynbo et al. 2008) . At high z, the luminosity function is sufficiently steep that sub-L * galaxies dominate the integrated SFR . For this reason, DLA samples should be able to trace the bulk of star formation. Prochaska et al. (2007a) discuss how GRB DLAs preferentially probe gas associated to the innermost regions of galaxies. This gas is generally denser and more metal rich than the gas probed by QSO DLAs which, on the other hand, are likley to arise in the outer galactic regions. If GRB DLAs probe regions of the Universe different than the ones of QSO DLAs, the GRB DLA and QSO DLA Table 2 Summary of the physical properties of the 4 GRB host galaxies studied in the present paper samples may provide complementary information on cosmic chemical evolution.
conclusions
In this paper, for the first time we have used the elemental abundances observed in the host galaxy of 4 long GRBs to constrain their star formation history and its age. Our method is based on the simultaneous study of the abundance ratios between various elements synthesized by stars on different timescales, by comparing the measured abundance ratios to the predictions of a detailed chemical evolution model. From the simultaneous study of the , we have been able to constrain the star formation history of some of the host galaxies. By studying the abundance ratios vs redshift, we have been able to constrain the redshift of formation and the age of the GRB host galaxies. We tested models both with and without dust accretion. Some peculiar abundance ratios, such as very high [Zn/Fe] ratios, seem to indicate severe dust depletion and, to be explained, require the inclusion of dust accretion in the models. Our main results can be summarized as follows: 1) Our results point towards star formation efficiencies between 0.01Gyr −1 and 0.1Gyr −1 , ages for the system between 0.6 and ≥1.5 Gyr. The observed dust content of some GRB DLAs is also satisfactorily accounted for.
2) The predicted specific star formation rate values are between 2.5 Gyr −1 and 4.7 Gyr −1 . These values are compatible with observational estimates from a very recent compilation by Castro Cerón et al. (2008) . Our models predict a decrease of the SSFR with redshift, consistent with the observed decrease of the comoving cosmic SFR density between z ∼ 2 and z = 0, in agreement with numerous observations of star forming galaxies at low and high redshift. On the other hand, apparently the detected GRB hosts follow an opposite trend in the SSFR vs redshift plot, with a slight increase of the SSFR with decreasing redshift. In the future, it will be important to asses whether this apparent trend is real or if it is due to some selection effect affecting the observation of GRB host galaxies.
3) The study of the abundance pattern of the host galaxy of GRB 050730 indicates that the predicted specific star formation rate is compatible with the values found for the the set of DLAs studied by Dessauges-Zavadsky et al. (2007) . This implies that, the host galaxy of GRB 050730 may have followed a chemical evolution path similar to the ones typical of QSO DLAs. Our study favors the hypothesis that long duration GRBs occur preferentially in low metallicity, star forming galaxies, characterized by low star formation efficiencies (ν ≤ 0.1 Gyr −1 ). The fact that GRBs occur preferentially in low metallicity systems is indicated also by the luminosity-metallicity relation (Wolf & Podsiadlowski 2007) and by some progenitor models for GRBs, where low metallicity hampers large loss of angular momentum and mass and the progenitor can retain a rapid rotating core, as required in particular in the collapsar model for long GRBs (MacFadyen & Woosley 1999) . In the future, in order to have a better understanding of the chemical evolution patterns observed in high-redshift galaxies, it will be important to refine the study of dust depletion in local and distant galaxies, in order to clarify whether elements such as S have a refractory nature or not. Furthermore, it will be important to extend the study carried on in this paper to a larger set of GRB DLAs, in order to have an insight into regions of the universe complementary to those probed by QSO DLAs and by other types of astrophysical objects, detected by means of different techniques.
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